Abstract: Daily patterns of pedestrian activity in young children have important health implications, primarily because of the risk of road traffic injury, but also because they may reflect the commencement of exercise habits with long-term consequences. A crosssectional survey in two Australian cities, Melbourne and Perth, aimed to collect, by parent self-administered questionnaire, population-based data on modes of travel, numbers of street crossings (both accompanied and unaccompanied by an adult), and sociodemographic factors for six-and nine-year-old children. Results indicate that 35 per cent (95 per cent confidence interval (CI) 31 to 39 per cent) and 31 per cent (CI 28 to 34 per cent) walk to school in Melbourne and Perth respectively, while over 60 per cent are driven to school by car, with very small proportions riding bicycles or taking public transport. A higher level of walking was associated with lower levels of several indicators of socioeconomic status. Logistic regression analysis showed that the strongest predictor of walking activity was school type (government versus independent), and after adjusting for this, lesser car ownership, non-English-speaking background and lower occupational category were associated with walking to school, while a different set of predictors-age, sex and maternal education-was associated with the unaccompanied crossing of streets. There was little difference in overall walking levels between boys and girls, but boys were significantly more likely to cross streets unaccompanied (adjusted odds ratio 1.41, CI 1.14 to 1.72), providing a partial explanation of documented sex differences in injury rates. ( A w t N Z
or alternatively to a reduction in children's exposure to the risk of pedestrian injury, that is, a reduction in walking activity? Why are pedestrian injury rates for boys significantly higher than those for girls? Why are poor children overrepresented among pedestrian casual tie^?^^^ Why do more pedestrian accidents happen on the journey home from school than on the journey to Many of these questions might be answered by a more detailed knowledge of children's patterns of walking and cycling.
A second reason for studying children's walking and cycling behaviour is that physical activity patterns acquired in childhood may have important implications for adult health. In adults, the health advantages of regular physical exercise are well established and include a reduced risk of heart disease, conservation of bone mass and enhanced psychological wellbeing. However, the most important argument for promoting physical activity in childhood is based on the assumption that life-style patterns of physical activity in childhood carry over into adult life:-Children who regularly walk and cycle are likely to become adults who regularly walk and cycle. Although the importance of such ordinary everyday activities for children has been emphasised, there is very little information on the daily patterns of ordinary physical activity in school children.
This paper provides answers to some of the questions and provides baseline data against which others may be investigated, by reporting the results of a cross-sectional survey of the walking and cycling activity of young school children in Melbourne and Perth. In order to collect valid and reliable information, the survey used a simple questionnaire for parents, focusing on the major measures pertinent to pedestrian injury risk and travel-related physical activity for a single school day: the child's mode of travel to and from school and number of streets crossed with and without adult accompaniment; while going to and from school as well as before and after school. The emphasis on travel between school and home was motivated by the fact that this is the single major journey all children make each school day, and there is evidence that a large proportion of pedestrian injuries occur on this j~u r n e y .~
The number of street crossings was the principal measure of exposure to risk because street crossing is required for a collision to occur and it has been shown that parents provide valid data on this measure." We focused on children aged six and nine years, because several studies have hdicated that child pedestrian injury rates are highest in this age
The questionnaire and survey method were standardised across centres participating in INSECT (an international study of the exposure of children to traffic) and international comparisons will be reported separately.
Methods
Children and parents were selected to participate in the survey by means of a two-stage random clustersampling design. Schools were selected with a probability proportional to the school's total enrolment in the age groups of interest (stratified according to whether they were public, Catholic or independent) from all schools with an enrolment of at least 100 pupils in the Melbourne and Perth metropolitan areas. Outer suburban municipalities where the population density was less than 500 persons per square kilometre were excluded. Within each school it was intended that a complete class of Year 1 (age six) and Year 4 (age nine) students would be selected at random from the available classes, although in a number of schools where classes were organised in mixed grades, combined (Year 1-2,3-4 etc.) classes were selected. In the Perth sample, entire Year 1 and 4 levels were included in the survey. The number of schools was chosen with the aim of obtaining 1500 children in each of the age groups to be studied (based on a sample-size calculation requiring 80 per cent power to detect a difference between age groups of 0.5 streets crossed per day, adjusting for an assumed intraclass correlation of 0.05 in the outcome measure).
Pedestrian activity was measured with a questionnaire that the child and parent were asked to complete on the evening of distribution by systematically reviewing the child's walking activity for that day. The questionnaire divided the day into four parts (before school, going to school, coming home from school and after school) and asked whether the child walked in each period, and if so, how many streets were crossed, and whether the child was alone or accompanied (the latter including possible use of attended school crossings). Parents were also asked to estimate how much time the child spent as a pedestrian, whether on the road, footpath or nature strip; such a question could not be expected to produce reliable quantitative information and the response was dichotomised for analysis. The questionnaire was pilot-tested in both cities, and minor improvements were incorporated. The schools participating in the study were asked to record which students had returned questionnaires, and after about a week, forms were reissued to nonrespondents. An incentive scheme was used to enhance response rates in the Melbourne study. Final response rates were calculated as the proportion of all students issued a questionnaire who returned the form with usable information on the child's walking.
Analysis used the statistical package, Stata, and followed standard principles for analysing cluster samp l e~.~* , '~ To ensure that intraschool correlations were adequately controlled for, and to compensate for differences in response rates between schools, analyses were based on cluster-specific means. Overall population means (of number of streets crossed, proportion walking to school etc.) were estimated as the means of the cluster means, with standard errors and confidence intervals for population means obtained by applying the usual formula (SD/dk) to the cluster means (where k is the number of clusters and SD the standard deviation of the cluster means).
To account for the varying numbers in subcategories (by age, sex and other covariates of interest), mean values for population subcategories were estimated by weighted means of the cluster-specific mean values, weighted in proportion to the sample number and in inverse proportion to the cluster size. Standard errors for these means were obtained from a corresponding weighted variance estimate.
(Details of formulas used are available from the first author.) Logistic regression was used to assess the independent association between sociodemographic variables and indicators of walking and traffic exposure, incorporating probability weights to allow for the survey design and robust standard errors to allow for the clustered structure of the data.I4 Linear regression on continuous measures, such as the number of street crossings, was not possible because of the extreme skewness of these distributions. The study was approved by Ethics Committees at the Royal Children's Hospital, Melbourne, and Curtin University of Technology, Perth, and by appropriate government and Catholic education authorities in each state.
Results
The survey was carried out in 72 and 48 schools in Melbourne and Perth, respectively, between September and November, 1994 (spanning a range of spring weather conditions in both centres). In Melbourne, of the originally selected schools, seven declined participation and these were substituted by geographically neighbouring schools; in Perth, five substitutions were made. Of 3963 questionnaires distributed for the Melbourne survey, a total of 3198 usable responses was obtained, a response rate of 82 per cent. Of 4271 questionnaires distributed in the Perth metropolitan area, a total of 2781 usable responses was obtained, representing a response rate of 65 per cent. Approximately 5 per cent and 3 per cent of parents in Melbourne and Perth, respectively, returned blank forms or indicated unwillingness to participate. The analysis considered children in the two age ranges, 5 to 7 years and 8 to 10 years, corresponding to the two class levels. Mean ages within the two groups were slightly higher in the Melbourne sample: 6.9 years and 9.7 years respectively, compared with 6.3 and 9.3 years in Perth (reflecting different school entry policies). Table 1 shows the modes of transport used for the journey to and from school. In summary, 35 per cent (95 per cent confidence interval (CI) 31 to 39 per cent) of Melbourne children reported walking to school (including those who also went by car for part of the way), 3 per cent rode bicycles and less than 2 per cent used public transport, while most were driven by car. These proportions varied only slightly by age and sex. Perth children reported slightly lower frequency of walking to school (31 per cent, C C 28 to 34 per cent), but this was balanced by a larger number reporting bicycling. In Melbourne, the proportion walking home from school was 5.5 per cent (CI 4.0 to 7.0 per cent) greater than that walking to school; a smaller difference in the same direction was found for Perth (2.5 per cent, CI 0.9 to 4.1 per cent).
The bottom line of Table 1 shows mean numbers of street crossings by age and sex; as with the measure for walking to school, there is little difference between the sexes and a modest difference with age. The mean number of streets crossed before and on the way to school (and after school) differed between those who walked and those who were driven, with children reporting other modes of transport (including a combination of walking and car) having mean numbers of crossings similar to those who reported walking ( Table 2 ). In Melbourne, about half of all street crossings were reported to be in the company of adults, with a smaller proportion in Perth. This difference between the centres reflects primarily a greater use of attended school crossings in Melbourne (38 per cent of all respondents reporting at least one use) than in Perth (20 per cent). In Table 3 we present summaries of the crude relationships observed in the Melbourne data between sociodemographic factors and major indicators of pedestrian activity. All of the comparisons using indicators of socioeconomic status show clear trends toward less walking with higher socioeconomic status, although these trends are stronger for the proportion walking to school and the numbers of street crossings than for the proportion spending no more than five minutes walking. Overall, 44 per cent (CI 40.4 to 46.8 per cent) of Melbourne children were reported to spend less than five minutes of the day as pedestrians. Table 4 presents results of logistic regression analyses of the walking-to-school outcome and the crossed-more-than-one-stree t-unaccompanied-by-anadult outcome. All the independent variables shown in Table 3 were included in the models, except for home ownership, which did not approach statistical significance in either analysis. There was no significant interaction between age and sex for either outcome, and after adjusting for the other factors in the multiple regression, there were significant age and sex effects only for the street-crossing outcome. Lower maternal education level was also associated with increased likelihood of unaccompanied crossings. In contrast, after adjustment for school type, lack of car ownership, non-English-speaking background and lower occupational status were predictive of walking to school.
WALKING TO SCHOOL AND TRAFFIC EXPOSURE

Discussion
The survey indicates that, on school days, young children in Australian cities spend remarkably little time as pedestrians, and even less time walking unaccompanied. In 60 per cent of cases, children are driven to school by car. Ironically, the fact that cars are used so predominantly for transporting children may lead to increased risk of pedestrian injury for those children whose parents are unable or less willing to drive their children. Another finding of interest is that the number of children using bicycles to travel to school is very low. This may indicate that the prevailing emphasis in many school-based traffic safety programs on bicycle safety is misplaced. On the other hand, bicycle use clearly increases with age and may be considerably more common in older children than those studied here; furthermore, other research indicates that young children still use bicycles extensively for play if not for transportation. 16 In both Melbourne and Perth, few children use public transport to travel to and from school. This finding is not surprising, given that both Melbourne and Perth have low population densities and are highly dependent on the private car for transportation. For example, Perth has the highest ratio of road-metres to population in the world and has more parking facilities (per capita) than any other city in the world."
The results reported are based on self-administered questionnaires, and there may be concerns about the validity of this form of reporting. However, recently conducted research found that the child's exposure to the road environment, as reported in a self-administered questionnaire, did not differ significantly from the researcher's observation of the child.'" Slight underreporting of exposure was found in an earlier British study.IR The questionnaire used for this study was extensively pretested. Response rates in Melbourne were high for a study of this kind, but the lower rates in Perth imply that comparisons between the two cities need to be made with caution. In spite of differing response rates, the results in the two cities were similar for modes of transport, with the main difference being a higher rate of bicycle use in Perth. A major finding to emerge from this survey is that differences in our measures of exposure do not fully explain sex differences in injury rates. National rates of hospitalisation due to pedestrian injury among boys are 2.1 and 1.7 times those for girls, in the age groups 5 to 7 and 8 to 10, respectively (Table 5) . Many other studies have reported similar risk r a t i~s .~J~J~ We have found evidence of a relatively small difference in exposure to traffic, implying that aetiologic factors other than simple exposure, as measured here, are important in determining injury risk. Our results do, however, show larger sex differences when exposure is measured in streets crossed unaccompanied rather than total streets crossed or simply walking to school (Tables 3 and 4) . This finding is consistent with other evidence that adult accompaniment may be an important factor in pedestrian injury risk.g This survey showed that a larger proportion of children walk home from school than walk to school, and this no doubt explains part of the peak in child pedestrian injury rates in the mid-afternoon to late a f t e r n~o n .~ Given the cross-sectional and selfadministered nature of our survey, it was not possible to collect more detailed data on injury risk factors such as traffic density and other road characteristics.
The literature on predictors of pedestrian injury risk is relatively weak, but several studies have shown increased risk among the socially more d e p r i~e d .~.~ In our multiple regression analyses of socioeconomic factors as predictors of pedestrian activity, the strongest predictor was school type, and after adjustment for this, lesser car ownership, non-Englishspeaking background and lower occupational category were associated with walking to school. This pattern of association can be interpreted as reflecting economic necessities within less-well-off families as well, perhaps, as cultural differences. It was interesting, however, that a different set of predictors- age, sex and maternal education-appeared to be associated with the unaccompanied crossing of streets, after adjustment for school type. Assuming that unaccompanied crossing is a better proxy for exposure to risk of pedestrian injury, our results suggest that socioeconomic differences in risk of injury may be due more to educational and sex factors than strictly economic ones. School type is also a strong indicator of socioeconomic status, but only a small minority of students in the survey (and in the (b) CI = 95% confidence interval.
sectional insight into one aspect of general physical activity among young children. The data support an overwhelming impression of children relying on family cars for most transportation purposes. Only about half of the children surveyed were reported to spend more than five minutes of the day as pedestrians. It seems likely that such a pattern of being driven everywhere may contribute to lower general levels of physical activity. Several studies have highlighted the potential importance of social factors and activity patterns in childhood as predictors of long-term fitness and health.68 There is evidence of a direct association between levels of general physical activity in adulthood and all-cause mortality." The transportation patterns described here also lend support to broader concerns that the psychological development of children may be impaired by curtailment of their sense of independence and personal mobility.21xz2 Finally, however, it must be remembered that this survey did not attempt to estimate the extent of children's pedestrian activity on non-school days, when exposure to traffic and patterns of general activity may be different.
